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This is the first occasion at wvhich I have been invited to attend a meeting of
this kind. It is also a twenty-fourth. anniversary of another occasicn when I was a
young medical student atlending my first scientific conference. This was an
international meeting st Cold Spring Harbor, near New York, and it could be truly
labelled as the birthdate of a new scientific field, the genetics of bacteria and of .
viruses. My first published work was presented at that meeting and it concerned the
discovery,. contrary to decades of previous supposition to the contrary, that
bacteria were indsed possesssd of a mechanism like sexual reproduction wnich made it
possible to crosshreed differsnt bacterial strains. These observations, together
with related ones by many other colleagues have gone into the emergence of the most
powerful of new methods and insights in experimental biology, going generally under
the name of molecular biology.

rom thé very beginning it was inescapable to me that these new approaches for
the understanding end manipulation of livin~t organisms had po’zntial implications for
humen preogress. of very great significance. On the one hand molecular biology could
increase man's knowledge sbout himself and lead to revolutionary changes in medicine
in such fields as cancer, aging. congenitzl dissase, end virus infections. It might
also play & vital role in industry and in agriculture. On the other side it might
te exploited for military purposes and eventuate in & biological weapons race whose
aim could well become the most efficient means for removing men from the planet. is

a student of evolution, and having studied it in the microcosmos with bacteriel
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ultures, I knew that man had no gusranteed place on our earth, -He has faced and
continues to face natural disasters like the infeststions that have wiped out the
fmerican chestnut and the Europesn grapsvine. To these long-standing threats would

now be edded new onss, pctentiaglly of cur own invention.
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These past twenty-five years, ir the -:17z2 of which the world community has

reached a certain degree of familiaritv wito the problems of nuclear powsr, and has
undertaken some of the steps needed to contain it as a servant for rather than
cgeinst human aims, have seen a sustained, remarkable development of mclecular
biology. TFor example, rrofessor Gobind Khorana recently reported the synthetic
assembly of a small gene through chemical opzrations cn DiA components. It will be
a step of another order of magnitude to extend this technical capability to the
synthesis of smell viruses, but this surely will be szccomplished within the next
decade. This procedure will allow an unlimited range of experimental variations of
the genetic structure of different viruses, a process which has many important
potential applications for human health. It also offers us the prospect of
engineering the design of viruses to exquisite detail. Accompli shments Tike Khorana's
have been possible in a small laboratory on an annual vrereatveh hudget which is miniscude
compared to weapons hardware. A serious military iuvestment in this srea conld oe
sxpected to outstrip this slready breathtaking pace of advance by many fold.

I could mention many cther intriguing scientific advances from my cwn work and
that of others, and fear only that my enthusiasm in discussing these detal might
outrun your patience in hearing about them. I will be glad to engage later in

informal discussions on any aspect of molecular biology that may be of interest to you.
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I will just mention the discoveries of three mesthods of modifying the genetic structure
of microbes: (1) cross-breeding them through what is, essenticlly, sexual
reproduction; (2) inserting new genes carrisd by a virus, & procsss called
“yransduction”, and (3) direct manipulation of DHA as a chemical substance, and
reintroducing this into microbial cells.

I deaply appreciate the gravity and importance of the work of this Committes.
Its principal significance is, of course, for the security of all the people of the
world; and to that it is only a smell addition to mention my own moral pre-occupation
with whether my own career will have been labelled a blessing or a curse to the
humanity from which I spring. This comment may have more force if I offer it as not
only = personal testimony bubt as typicel of the dilemma that faces my entire generation
of biological research scientists znd our younger students at this very moment. I am
therefore many times indebted to you not cnly for your present labours but glso for

having offersd me the privilege of e more personal participation in a process that ney
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yet result in "civilizing" this branch of

sciencs.



For many years Bl has been given only incidental attention as a subject of
diplomatic discussion; for it seemed to have little bezaring on the zdjustments of
pouwer thatl were the mein work of specialists in foreign affeirs. However, B does
have something to do with efforts to reducs the barbarity of warfare. B stands
gpart from all other devices in the actual threat that it poses tc the health wnd

life-expectancy of every human being whether or not he is politically involved in
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belligerent actions. In a word, the intentionsl release of an infectious particle,

be 1t a virus or bacterium, from the confines of the laboratory or cf mzdiceal practica

must be condemned as an irrssponsible threat against the whole hunan community.
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The Black Death, the great bubcnic pnlague that raveged Europe in the mid-l4th

cantury is in fact a well docimented historic example of just this process. The plazue
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firet enterad Europe in 1346 via the sailors, rats, and fleas on the shivs that
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eturned to Genos after having been expelled from Theodosia in the Crimea whers the
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attacking Tartars had catapulted some of their corpses into the Genoese fortifications.
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This plague which reduced the population of Eurcope by zt least one-third, would of
course, almost surely have mads its way West sooner or later, the nature of the
disease being quite beyond the comprehension of the medical science of that erea.

The Bleck Death in Aurope was only one of many visitstions of the plague suffered
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by burope during the last 2000 years. Ve do not know uhy this one should have besn so
nuch more disastrous then meny others. The progress of a disease in any given

dual is subject to many factors of which only a feuwr are well understcod. =
lerge epidemic, involving millions of people spread over time and space, 1is an
immensely more complicated phenomenon about whicen it is very difficult to make

very grave votentisl hazard with

¢ bigh degree of wnpredictebility is a peculisr attribute of biologicel weaponry at
its present ctage of development. This hss z greast deal to do with the rationsl

internaticnzl action to regulste the further develonment and proliferation of BN,
I am convincsd we know enough about it To have legjitimate concern shout its future
prosnects.  Until ncw ne nation appsars To nave steked izs securily to any significa“t

we wzit until BY has teen develcned into = relicble ermeoment for use under a range of

military doctrine, wve must all fear that it could then te toc late to disengage
important powers from thelr commitment to it,
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I0 T may retorrn to the Black Deetn, *ho —iin barriers that nmay today leep
bubonic plague from being a great threat in civilized countries are: (1) understanding
of ond the use of quarantine, (2) the suppression of rats and fleas by general urban

bsoiecne, and (3) the use of nodern therapy, esnecially antibiotics, to control the

“ireasc. ach one of thesc harriers could be breached by further technical
developmnents 1f 2 substantial effort were to be agpulied during the next decade to
nsldng ths plague bacillus into 2 wee on.

Cther infectious agents might be even nore adapteble. Some of nan's deadliest
sroies are viruses vhich, like yellow fever, are transnitted by nmoscuitos or other
arthiopods. These have the advantsze, from a nilitary standpoint, that they may not
soah o notentially vretroactive epidemic in arezs uvhere the vechor insect does not
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rormally avound., It iz alrsady evident that such insecio-borne viruses could e
zoriled in the first instance by direct aerial dissemination, with little or no
Jurther spread from the first wave of infectzd targets. Recent reports of zirborne

or oveumonic rables, a terrible disease, which as you know is normelly sproed by the

nfected dog or other animal, illustrate this possibility. There is then
cle danger that, if a large nucleus of people is attacked in this wey, further
Aveintion of the virus will occur to give rise to a new form of the disease that does

erson, coabrary to the calculations of the attacker. The

vnderwent a similer evelution from the original btunonie flea-~horne
of the far mere contaglous pneumonic variety.
in recent yesars that viruses underzo constant evolution in their

atotions within a given strain, but also by the natural
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ticn of viruses that superficially appear to be only remotel; related to
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ons enother.  Furtharmore, many of us already cerry viruses in our body cells of which

i
nless -- though they may eventually

s. At

e
innet in the lehorstery, howvever, we can show that such latent virusss can still
s 2
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cLoss-lveed uith other viruses to give rise to many new forms

Kol

crevect concern is that similar scientific breakthrough:s of e rather

c5 40 result in 2 transformation of current doctrine scbout fwirelieble’ biclogical
kS
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wooosno.  de ere eil familizr with the process of matusl escalation in walch the
fnfarsive efforts of cne side inevitably contribute to further technical developments
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on the other and vice versa. The rere 2xistence of such a contest nroduces & mutual
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wlation of effort; moreover, thers is no practicel system of counter-intellizence
thet will protect secret work for an indefinite pericd of time from beconing imomm
to others. 4And the potentisl undoubtedly exists for the design and develooment of
infective agents sgainst vhich no cradible defencs is possible, through the genelic

and chemicel manipulation cof these agents. It is thus clear to

‘_l
m
O
iy
O
L1
-
W
L
®
&
Qu
=

do something ebout this possibility, work wil
rzalities.

Permit me, now, to ask s rhetorical guestion: Can we establish a world order that

will, in effect, protect "you’, =3 representatives of the global community, from the

subversion of the scientific advances to which my own peers and myself have dedicated
their cereers.

I wish I could be sure that such a remark would alusys be received with an
understanding of the ironic spirit with which it is uttered. I do not have to tell
the worldwide attack on science, the flight from reason that has tempted so
msny young people and nakes so many dilermas for those of us in university life.

onal vrevolt has probably had its worst impact in countries whicn nsve
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elready achieved a degree of affluence, but it is ercding the morale of tie young even
in those countries whose economic future most cepends on thelr development of a high
level of technical ond scientific skill. Uhat the youth see as the perversion of
Imovledze is, I believe, an important aspect of their repudiation of us. ‘mong the
undergradustes at my ocun university, there is no prospech rore disheartening than

the idea that even hezalth research is subject to exploitatior in the most inhumane

iisavowed offensive biologicel warfarzs development has made it possible for ns to
sddress these isstes in terms fully consistent with the policy of the govermment of

my owvm country,
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For present purposes we mignt think of 2 toxin as a chemical substance which
would be unknowm tc science esxcent for its association with mucrobisl growth and one
which has an extrsordinarily high lethality per unit weight. HMeuy toxins ar:z nerve
poisons, resembling the nerve grces in their effzct on the hody, but far more potent.
For exsmple, the lethal dose of botulinus toxin 1s about one millionth ci & gram.
This means thalt one could ezsily cerry in a despatch case a quantity cof toxin sufficient
to wipe out the human populstion, although the image would imply that the humen herd
uyonld lins vp for the slaughter. The wvery high potency of such toxins is certainly
& Tachor in their milibtory potenbisl but may even be outweighed by other considerations,
like the possibility of specific inmunization of an aggressor forcs or population.
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Even after agreeoment to eliminate biologiral weapons, we will still remain very
vulnerable to a form of binlogiral uarfare which is bLeyond +he reach of any covenant
that we cen make. This is the warfere practis~d upon us by nature, the wnrenmitting
berrage of infection by old and by new agents that still constitute a very largs part
of the perils to normal and heslthy life.

e have all had vexing, perhaps even tragic, personal experiences with virus
infections. You will all reczll the globsl epidemic of influenza that was first
identified in Hong Kong about thres years ago. This was not a particularly severe
form of the virus and its eventual mortality wes probably only in the tens of
thousands, It is wrong, however, to believe that there is anyv assurenca that the nex?t
epidemic of this kind will be aa miid; and i have still develcped only the most
feeble and precarious protecticn against this threat whose impact is shared by all the
nations, but against vhich very 1lititle common defance has heen erected.

You will also recell having read from time to time sbout small outbrecks of
nysterious new diseases like "Lassa fever® and the "Mzrbugz virus'. These were both
extrenely dangerous threats; anc vhile much credit nust be gilven to the diiigence of
the nedical people vho dealt with the outbrecks, a large element of pure luck was
involved in localizing these incidents. ‘e must expect that there are muny additional
viruses already indigzenous to primste and humen populetions in primitive areas and to
which the inhabitants of advancsd countries :sre ciiremely vulnerable,

Yellow fever is a historically imoortant Cisease which now belongs in the same
catezory. It is now maintained on earth meinly through an eaimsl reservoir o 4
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infection, in the monkeys in tropical jungies. Urben populetions are nou protected



Souch Amerilco and by the availa%ilify of excsllent vaccines in cdvenced countries.

ever are, hovever, shbundant

e species very well ceapapnle of transmivting yellow

India would be a human tragedy of catastrophic di

are cuite puzzled that this accident has not alres

explanation for

stimulate psychotic imaginations it

not o suggest the vulnersbility of the Asisn cont
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pub rather te point out immense geps in the pattern o

defences thet should be mounted but which heve a relatively feeble ztonding in the
present-dsy world. This is in no way o dsrogation of the splendid ellores of the
World Health Organization which is centrad here in Genevs tul an indicavion of the
limitations of its budget and a suggestion that much nore needs to be doue and could
be done vith resources that might be given over to bi

Comntries vhich are undergoing a transition in the development of their
agriculture sre vulnerable to snslogous threats in biclogical warfere dirccted against
ops s distinguished from himan targets. The introduction of new crop verietles,

T
that has had all of the himan benefits attached Lo the expression 'tae green

also neans
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effort, ot any subsbtantial level or u.lll, oo O]
very existence secret., This apnliad esnec?

are specialists in heslith-oriented ressaren and who cre deeply invoived in furthering

ceeation, while still keeping

health research sctivities within the framevorls of the international community.

Therefore, besides the obvious direct health benefits of expandsd international

co-opereiion ve would also be rewarded by a higher level of wutual assurance

every perty was indsed 1iving up to the spirii of ite obligubions under a BY

In conclusion, let me say that some of the speculationz I have mentioned are

which all of us must fervently hope will nover waberiaiizs. 3ub

both foolish and arrogant So assume that our good will alons
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~rramgenents, will serve to forestall the {fuvriher devolocment | pealf farohion
possible cvenbual veconroe ha sdint siealy e one of the most shasbtly met

warfare imacinable,
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hat infectious disease will become a routine weapon in future conflicths,
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civil or international. You have heard recsons, that I believe are coimpelling,

2romotly reaching a ovan on the developrent, production, prcliferztion or use
bilological weapons. I will be indebted to you for this opportunity if I cen
te my laboratory with the hope of having made the nost modest confribuvion
fulfilment of the ur-~ent task before you.

Good 1uck,.



